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Approximately one-third of children who have a urinary tract infection (UTI) have vesicoureteral reflux (VUR), which is associated with a higher risk of renal scarring. 1 However, VUR is neither necessary nor sufficient for renal damage to occur; scars are noted in children who do not have VUR, and many children with higher-grade VUR never develop scars. The Randomized Intervention for Children with Vesicoureteral Reflux (RIVUR) trial was designed to address limitations of previous studies, mostly the lack of a placebo or observation arm, and provide higher-quality evidence about the efficacy of antimicrobial prophylaxis for preventing recurrent UTI in children with VUR. [2] [3] [4] Recent trials evaluated the efficacy of antimicrobial prophylaxis among children with UTI and VUR and showed either no or slight decrease in the incidence of recurrent UTI and renal scarring. 5 Despite methodologic limitations of these trials addressed in recent editorials 5, 6 and the trials' lack of evaluation of the impact of bladder and bowel dysfunction (BBD) on recurrent UTI, recent management guidelines have used these data to question the role of antimicrobial prophylaxis or even the need to obtain imaging studies to detect VUR in children after an initial episode of UTI. [7] [8] [9] [10] This report provides cross-sectional baseline data from the ongoing RIVUR trial at 19 clinical sites in the United States. We provide demographic and clinical characteristics of RIVUR participants as well as study design parameters that enable placement of our sample in context with previous US and international cohort studies of children with UTI and VUR.
METHODS

Study Design
The RIVUR trial is a randomized, doubleblind, placebo-controlled trial of prophylactic trimethoprim-sulfamethoxazole in children with VUR. The rationale and trial design have been described previously. [2] [3] [4] Briefly, we enrolled infants and children aged 2 to 71 months with grade I through IV VUR after a first or second febrile or symptomatic UTI. Primary exclusion criteria included index UTI diagnosis .112 days before enrollment, comorbid urologic anomalies (Society of Fetal Ultrasonography grade 4 hydronephrosis with renal parenchyma atrophy, ureterocele, urethral valve, solitary kidney, profoundly small [.2 SD below the mean] kidney, multicystic dysplastic kidney, neurogenic bladder, pelvic kidney, or fused kidney), contraindications for use of trimethoprimsulfamethoxazole, and selected other medical conditions. Children are followed for 2 years to ascertain recurrent febrile or symptomatic UTI, renal scarring, prophylaxis failure, antimicrobial resistance, medication adherence, and quality of life measures. A Data and Safety Monitoring Board and institutional review boards governing each site approved the protocol, and parents or legal guardians provided written informed consent for each participant before any study procedures.
Data Collection
Screening and enrollment of children into the study took place from June 2007 through May 2011. Screening data are incomplete because the study did not begin data capture for screening until November 2007. Baseline data collection included medical history, physical examination, and a parentadministered quality-of-life questionnaire. In toilet-trained children, a parent-administered questionnaire that was based on a modified version of the scoring system reported by Farhat and colleagues [11] [12] [13] (see Appendix 1) captured urination and bowel movement characteristics. Data were also collected on 5 of the 6 conditions that define chronic constipation according to the Paris Consensus on Childhood Constipation Terminology Group 14 including frequency of bowel movements as ,3 per week, .1 fecal incontinence event per week, passing of large stool that obstructed the toilet, retentive posture and behavior, and pain during defecation. Chronic constipation was defined by the presence of $2 conditions being met during the preceding 2 months.
Child' s race and ethnicity were selfreported by parents; mixed race is analyzed as nonwhite. The index UTI was the child' s first or second UTI that was used to qualify the child for study enrollment. To be eligible, the index UTI met stringent criteria 4 including documented evidence of (1) pyuria on urinalysis, (2) culture-proven infection, and (3) fever ($38°C) or symptoms within 24 hours of urine collection. We required a urine culture yielding a single organism that was neither lactobacillus nor candida, at $5 3 10 4 colony forming units per milliliter for catheterized or suprapubic aspiration urine specimens or $10 5 colony forming units per milliliter for clean voided specimens. Qualifying symptoms for the index UTI included suprapubic, abdominal, or flank pain or tenderness; urinary urgency, frequency or hesitancy; dysuria; and malodorous urine or in infants #4 months of age, failure to thrive, dehydration, or hypothermia. Blood pressure, height (or length), and weight were measured using available equipment and local procedures. Age is reported at the time of randomization. Tc dimercaptosuccinic acid (DMSA) scintigraphy. Renal ultrasound and VCUG were completed within 112 days after the index UTI and before enrollment; most DMSA scans were obtained within 2 weeks of enrollment but no more than 112 days after the index UTI. Although eligibility was based ARTICLE on local reports for ultrasound and VCUG, images were also assessed by 2 pediatric radiologists using a standardized reading protocol. 4, 15 We report these data from the central radiologists. VUR was graded according to the system of the International Reflux Study Group. 16 Worst VUR was defined as the highest grade of reflux 17 from either the left or right side. Similarly, 2 pediatric nuclear medicine physicians centrally interpreted DMSA scans for the presence of cortical defects. 4, 18 Scans with decreased uptake of DMSA tracer were differentiated by (1) retention of renal contours (consistent with acute pyelonephritis) or (2) loss of contours or cortical thinning (consistent with renal scarring) as demonstrated by Majd and Rushton. 19 The extent of cortical defects was assessed semiquantitatively by dividing the renal cortex into 12 segments and counting the number of renal parenchyma segments affected. 4, 18 Severity was determined by the number of segments affected: mild (1-2), moderate (3-4), or severe ($5) or as global atrophy characterized by a diffusely scarred and shrunken kidney.
Statistical Analyses
We used Centers for Disease Control and Prevention growth standards for children $2 years of age and World Health Organization standards for children ,2 years of age to convert height and weight measurements to z scores and percentiles. [20] [21] [22] We calculated blood pressure percentiles for gender, age, and height for children $1 year of age using regression models specified in the fourth report from the National High Blood Pressure Education Program Working Group on Children and Adolescents. 23 For children ,1 year of age, we dichotomized blood pressure at the 90th percentile based on cut points from the Second Task Force. 24 VUR and renal cortical defects are reported if present on either kidney, with severity reported as the worst of both kidneys. The presence of BBD was defined by a score of $6 for females and $9 for males, using the scoring weights from Farhat and colleagues. 11 BBD and chronic constipation were evaluated only for children who were toilet-trained for both urine and bowel movements.
With the exception of age, for which a Kruskal-Wallis test was performed due to the skewed distribution, comparison of continuous characteristics by VUR grade was by analysis of variance; x 2 test was used for comparisons of categorical variables unless an expected cell count of ,5 was present in which case Fisher' s exact test was used. SAS version 9.2 software (SAS Institute, Cary, NC) was used for all statistical analyses.
RESULTS
Screening data are incomplete because of delayed onset of screening data capture but include 492 (81%) of the 607 enrolled participants. Of 10 753 children with screening data available, only 12% met all eligibility criteria. Almost 60% of screened children did not meet study criteria for a first or second UTI; more than half of the screened children either did not have VCUG results (24%) or did not have VUR (30%) or had grade V VUR (1%); 14% failed other eligibility criteria. Of the 1311 eligible screened children, 62% refused and 38% were enrolled. Those eligible but not enrolled did not differ from those enrolled in the distributions of gender, race, or ethnicity (data not shown).
The 19 clinical sites (Table 1) enrolled 558 girls and 49 boys (18 or 37%, circumcised). Most had grade II (42%) or grade III (38%) VUR; 11% had grade I (including 7 children with no VUR based on the central assessment) and 8% had grade IV (including 1 child with grade V based on the central assessment).
The distribution of VUR grade by gender is provided in Table 2 . VCUGs were not available for central assessment for 5 children. Approximately half of the children had unilateral VUR and half had bilateral VUR. Demographic and clinical characteristics of participants in the RIVUR study, overall and by VUR grade, are summarized in Table 3 . Children were aged 2 to 71 months, with a median age of 12 months. White race predominated (82% of girls and 65% of boys); 40 (7%) children were mixed race, 27 (5%) were African American, and 48 (8%) reported other races. Race was not recorded for 10 children. Seventy-seven children (13%) were of Hispanic ethnicity.
Of the 607 children enrolled, 554 (91%) were recruited after their first UTI; 53 (9%) had a second UTI before enrollment. The index UTI was febrile and symptomatic in 323 (53%) of the children, febrile only in 197 (32%), symptomatic only in 86 (14%), and with fever and symptoms outside of the 24-hour window of urine collection for 1 child. Escherichia coli was the predominant infective organism in 538 (89%) index UTIs with Klebsiella pneumoniae (n = 16, 3%) and Proteus mirabilis (n = 14, 2%) the next most frequent. Children with index UTIs from non-E coli infections were more likely to have a higher grade of VUR (14 of Twenty-one (4%) of the 582 children with DMSA scan results had decreased tracer uptake with loss of renal contour (scarring) at baseline (Table 4) with severity classified as mild (n = 1), moderate (n = 5), severe (n = 6), or global atrophy (n = 9). Loss of renal contour was noted in 17 of 535 (3%) girls and in 4 of 47 boys (9%) assessed.
Decreased tracer uptake in conjunction with retention of renal contour (acute pyelonephritis) was identified in 71 (12%) children, including 3 children who also had loss of contour. In 100 children, the DMSA scan was performed within 30 days of the index UTI; timing of the scan was not statistically associated with the index UTI being febrile, but there was a nonsignificant higher proportion of loss of renal contour present in scans performed $31 days after the index UTI (20 of 21 children with loss of renal contour had the DMSA scan $1 month after the index UTI, P = .23). Twenty-seven percent of children with decreased uptake associated with no loss of renal contour underwent the DMSA scan within 30 days of the index UTI diagnosis. Compared with children with normal DMSA scans, more of those having any cortical defect were aged $12 months at enrollment (62% vs 49%, P = .03), had a febrile index UTI (93% vs 84%, P = .02), had a UTI before the index UTI (16% vs 7%, P = .007), and had grade IV VUR (17% vs 7%, P = .02; Cochran-Armitage trend test P = .03).
BBD was evident in 71 (56%) of 126 toilet-trained children, generally reflecting a mixture of both bladder and bowel symptoms; the assessment was not completed for 8 toilet-trained children. All 71 children with BBD were girls (only 2 boys were both toilettrained and completed the BBD assessment), and BBD was not associated with race, ethnicity, VUR grade, or presence of any renal cortical defect in this small subgroup. Sixteen toilet-trained children met criteria for chronic constipation, of whom 14 also met criteria for BBD.
Boys were significantly younger than girls at baseline; 84% of males vs 46% of females were ,12 months of age (P , .0001). Thirteen of 41 boys ,1 year of age were circumcised (32%) compared with 5 (63%) of 8 older boys. Of 17 Hispanic boys, 14 were ,1 year of age and uncircumcised; of the 3 older Hispanic boys, 1 was circumcised. Six boys had grade IV VUR, of whom 2 were circumcised. Among the male children, 71% of index UTIs were E coli, and 71% of these boys were uncircumcised compared with 43% of those with non-E coli infections. 
DISCUSSION
The distribution of RIVUR study participants by gender and within racial and ethnic groups is consistent with previous studies in the United States. In American cohorts of children with VUR identified after UTI, boys represent ARTICLE a minority, 26, 27 as they do in VCUG-based studies. 28, 29 This was also reflected in the RIVUR cohort. When race is reported in studies of VUR in the United States, white race predominates. [28] [29] [30] [31] [32] [33] Approximately 80% of children in the RIVUR study were white and 5% were African American. Thirteen percent of participants self-reported as being of Hispanic ethnicity. Low rates of neonatal circumcision among Hispanics may account for uncircumcised Hispanic males representing approximately onethird of all male subjects in the RIVUR study. 30, 34 More than 90% of children with VUR in 2 previous American series had grade III or less reflux. 26, 27 Similarly, in the RIVUR cohort, 92% of children had grades III or less, the majority being grade II (42%) or grade III (38%). Grade IV accounted for only 8% of children. While children with Grade V VUR were excluded in the RIVUR study, this grade of VUR is seen in a small fraction of children that have VUR identified after a UTI. 35, 36 More than 1 in 5 children in the RIVUR study were toilet trained, and .50% of these children exhibited BBD documented using the Farhat instrument 11 modified for US vernacular. More children in the trial will experience BBD during the 2-year observation period. This is a particularly An established renal scar as defined by decreased uptake of tracer in conjunction with loss of renal contour or cortical thinning at baseline was infrequent in the RIVUR cohort (4%), a proportion substantially lower than previously reported. 39, 40 Possible explanations include that participants had experienced only 1 or 2 UTIs, the acceptance of children into the trial after a nonfebrile (although symptomatic) UTI, a relatively low proportion of children with Grade IV VUR, scans were obtained relatively close to the time of the index UTI so defects consistent with scars may not have had sufficient time to become visible, and adjudication review by 2 pediatric nuclear medicine specialists. Scarring characterized by decreased tracer uptake with loss of cortical margin can be due to either an episode of acute pyelonephritis more than a few weeks before scanning or congenital dysplasia. Decreased uptake of tracer with retention of renal contours, consistent with acute pyelonephritis, was more common (12%), and most were after febrile index UTIs. Interestingly, more than half of those with decreased uptake and contour retention had grades I and II VUR. A number of those patients with acute pyelonephritis will be left with permanent scars. Renal scarring represents a secondary outcome of the RIVUR study, and it remains to be seen how many additional scars will be identified at completion of the 2-year observation period, but baseline presence of any cortical defect is consistent with the more recent studies of children after first UTI. 41 Consistent with previously reported results of renal ultrasound performed in children after UTI, 1 most were interpreted as normal; hydronephrosis was rarely identified (5%), and in most instances (23/32, Although there appears to be reasonably high agreement between pediatric radiologists in the grading of VUR, 15 some discrepancy is expected. RIVUR eligibility was based on VUR grade assigned at the enrollment site (local reading), whereas the results being reported herein are from the standardized and adjudicated grades determined by 2 RIVUR radiologists (central reading). Differences in interpretation of the scans are evident as our data include 7 children with no VUR and 1 child with grade V VUR based on the central assessment but who were considered to have VUR grade I through IV based on the local report.
In recently published series of children with VUR from Europe and Australia, boys with VUR accounted for 31% to 50% of participants, almost all of whom were uncircumcised. 39, [45] [46] [47] [48] In contrast, 92% of subjects in the RIVUR study were girls. Of all subjects enrolled, ∼50% were aged ,1 year, particularly male subjects (84%), a third of whom were circumcised. A more routine practice of circumcision may explain the relative paucity of boys presenting with febrile UTI and VUR in the US population.
E coli was the most frequently isolated organism from the index UTI. According to some, non-E coli UTIs have been associated with more clinically significant VUR. 10 Our data suggest that there may be a correlation between non-E coli index UTI and higher reflux grade and a higher proportion of children with loss of renal contour, despite a lower rate of febrile index UTI.
Retrospective or prospective studies of children with primary VUR all differ in the demographics of the population studied. They reflect a variety of study designs with differences in inclusion and exclusion criteria (eg, number of previous UTIs and grade of VUR) and with differences in numbers of patients, patient age, health care delivery systems, recruitment settings, sociocultural characteristics (including those driven by geographic location), and race and ethnic distributions that can influence the results obtained, reducing the ability to generalize to all populations. These venue and demographic differences may explain disparate outcomes across studies. Although screening data are limited and selection bias can never be ruled out completely, the RIVUR trial enrolled a large number of children from a variety of clinical settings reflecting the medical and cultural milieu in the United States from 2007 to 2011.
CONCLUSIONS
The evaluation and management of children with UTI and VUR remains controversial and unsettled. The RIVUR study is the largest prospective, randomized trial for children with primary VUR comparing prophylaxis with placebo to date. It provides a large patient population from the United States, the demographic composition of which may differ from those reported elsewhere. In addition, because of the use of adjudicated radiographic interpretations, stringent definition of UTI, consistent assessment of BBD, and close clinical monitoring, it is anticipated that the outcomes will enable improved evidence-based evaluation and treatment algorithms.
